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ABSTRACT

Furfural and cashew nut shell liquid are both renewable resources that can be used for the 
manufacture of a multitude of useful products. Herein this review is studied to be made concerning the 
replacement of phenol and aldehyde compounds in the phenolic resin. Cardanol is a phenol-based 
by-product having an unsaturated alkyl chain and is thus a promising renewable substitute for the 
development of phenolic resin. This review focuses on the synthesis process of modified phenolic 
resin by renewable resources, which is further modified by epoxidation, esterification, urea-melamine 
modification etc. which improved thermal and adhesive and anti-corrosive properties. Mainly phenolic 
resin is used with natural and synthetic fiber reinforcement and hybrid fiber-reinforced composite, 
which promote improvements in mechanical properties.

Keywords: Phenolic resin, Thermosetting resin, Renewable Resources, 
Cashew Nutshell Liquid, Furfural, Composite.

Introduction

In recent years, researchers have explored 
every possibility in a major effort to find novel and 
sustainable polymers. Nowadays, work is focused on 
the modification of thermoset polymers. Thermoset 
polymers are extremely important in our daily lives 
because of their unique properties. These flexible 
materials and their properties depend on the 
functionality and molecular weight of the polymer.1

During polymerization, the thermosetting 
resin converted into an infusible and insoluble 
mass due to heat and catalyst. That process is 

an irreversible chemical reaction known as cross-
linking. Thermosetting resins contain a functional 
group that has reactive sites for the curing process.2 

The number of reactive groups in it increases as 
functionality improves, enhancing the possibility 
of cross-linking. This process creates a three-
dimensional network, which is possible through 
polymer modification.3 Thermosetting resins and 
their properties are determined by their different 
chain length and molecular weight, based on which 
there is a change in the viscosity of the resin.  
Nowadays, thermoset resins such as phenolic 
resin, epoxy resin, polyester resin, and polyamides, 
have the ability to be developed hyperbranched 
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functionalized polymers and modified by agricultural 
renewable resources-based chemicals as well as 
commercial chemicals for various applications such 
as defense, aerospace, and electronic industries 
because of their extraordinary chemical resistance, 
weather resistance, and versatility of product 
design.4,5,6,7 Phenolic resins continue to be critical 
materials in numerous industries, as technological 
advancements and sustainability concerns grow; 
unmodified phenolic resin has certain drawbacks, 
including hazardous raw materials for humans 
and the environment due to toxicity and thermal 
decomposition occurring at high temperatures. 
The need for development in phenolic resin arises 
from the growing demand for sustainable and 
eco-friendly materials, and the desire to improve 
performance characteristics.8,9 Thermoset polymers 
have the potential to develop chemical and physical 
modifications. The chemical modification provides 
precise control over the chemical structure of the 
resin, enabling the incorporation of functional groups 
and cross-linking agents to tailor properties with 
unparalleled precision. This results in improved 
mechanical strength, thermal stability, and adhesion 
to fulfill specific application requirements. Physical 
modification processes, including blending and 
reinforcement, represent a simple and potentially 
cost-effective alternative, giving enhanced properties 
through the addition of compatible materials.10,11

	 Phenolic resin, despite the fact that they 
were developed at the outset of the polymer era, 
they have continued to be developed for a variety 
of applications.12 Polymer composites have unique 
properties and potential applications. It can be used 
as a composite material made up of combining 
fiber-reinforced hybrid materials to achieve superior 
properties. There has been an increasing demand to 
develop new polymeric applications with improved 
properties has increased the past few decades. 
In composites, various fiber-reinforced materials 
are used such as natural and synthetic fiber with 
thermoset resin. Glass fiber and carbon fiber 
thermoset resin systems are used in spacecraft, 
military aircraft, and sailboats. And also gives 
thermal stability and good mechanical properties in 
UV- assisted three-dimensional printing.13,14

Phenolic Resin
	 P h e n o l i c  r e s i n s  a r e  t h e  o l d e s t 
commercially manufactured synthetic polymer. 

Leo Hendrik Baekl and developed an economical 
method to convert these resins into moldable 
formulations which were transformed by heat 
and pressure into hard and thermal-resistant 
molded parts. As the first synthetic resin to be 
utilized, the phenolic resin can be considered 
the f irst commercial ly produced polymeric 
commodities derived from simple low molecular 
weight chemicals.15 Right now, industries are 
focused on developing insulating materials, 
coating, adhesives, and so on. Phenolic resin 
is well known for its ability to bind a variety of 
substrates, including paper, rubber, fiber, wood, 
glass, and metall ic components. Being the 
oldest thermosetting polymers, the influence of 
many synthesis parameters has already been 
studied. Many variables, including the kind and 
quantity of the catalyst, the potential of hydrogen 
(pH), temperature, and the aldehyde/phenol 
ratio, which affect the pre-polymerization and 
curing reactions, affect the resin’s molecular 
structure and properties. Since phenolic resins 
have a wide range of applications, and while 
having some drawbacks including brittleness 
and shrinkage, it is one of the most widely used 
resins.16 However, researchers have intensively 
studied phenolic resins for chemical use. There 
is still no alternative to phenolic resins in terms 
of stability and heat-resistant properties. Many 
researchers pay attention to how affects resin 
with the appropriate properties.17

Chemistry of Phenolic Resin 
	 Phenolic resin is also known as phenol 
formaldehyde resin (PF). This is produced by the 
polymerization of phenol and formaldehyde.18 
Generally in phenolic resin used raw materials 
are phenols and their derivatives which contain 
hydroxyl groups. It behaves like weak acidic groups 
and has a different nature from alcoholic groups. 
Phenol is more readily soluble in polar organic 
solvents than it is in aliphatic hydrocarbons. 
Phenols are aromatic substances that have 
an aromatic ring linked to one hydroxyl group. 
Mono-hydroxy benzenes, especially phenol, 
are generally of the greatest importance for the 
manufacturing of phenolic resin. Bisphenol-A and 
Resorcinol, in addition to alkylphenols (cresol 
and xylenols), are only occasionally used in the 
production of phenolic resins.19
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can be obtained by modification of phenol-furfural resin 
with the addition of other resin-forming components 
like formaldehyde, urea, melamine, furfural alcohols, 
etc. These resins also find special importance in the 
coating. These resins have many advantages over 
phenol-formaldehyde. Because of high fluidity than 
that of the phenol-formaldehyde resins, these resins 
can be molded in various complex forms.24,25

Synthesis and Modification Phenolic Resin
	 The  hyd roxy la t i on  reac t i on  and 
polycondensation reaction are the two steps of 
thermosetting phenolic resin production process 
(Fig. 2). In hydroxymethylation, when heated in an 
alkaline environment, phenol combines with the 
catalyst sodium hydroxide to produce the phenoxy 
anion. Because of its resonance form, phenoxy 
anion may act as a nucleophilic regent to attack 
the formaldehyde carbonyl group and produce 
phenol-hydroxymethyl. The phenolic hydroxyl 
group activates the ortho and para locations on the 
phenol nucleus, resulting in ortho- or para-phenol-
hydroxymethyl when it reacts with formaldehyde.

Fig. 1 (A). Novolac Phenolic resin, (B) Resol Phenolic resin.
Renda, C.G et al., (2018)20

	 Phenolic resins are formed by the reaction 
of phenol with formaldehyde under both basic and 
acidic conditions. The molar ratio of formaldehyde to 
phenol has different contributions to the reaction with 
acids and bases. Phenolic resins are of two types 
namely resol and novolac resin. For a highly cross-
linked thermosetting material initial pH, temperature, 
time, and catalyst concentration are all factors that 
determine the behavior of this resin, Methylol phenols 
are formed during the resol production process as 
a result of a highly exothermic methylation reaction 
between phenol and formaldehyde. Ortho- and para-
phenol are primarily joined by a methylene bridge in the 
molecules of resol resin.21 Resol resin can be either a 
high-viscosity liquid or a solid form and is produced in 
a basic state with high formaldehyde content in phenol.

	 The characteristics of the resin have 
been improved by attempting to replace the phenol 
and aldehyde components in the typical phenol-
formaldehyde condensate. Resorcinol and alkyl-
substituted phenols including cresols, xylenol, 
p-tert-butyl-phenol, and p-phenyl-phenol were the 
most commonly used. Also, some aromatic and 
aliphatic aldehydes were studied, but acetaldehyde, 
butyraldehyde, chloral aldehyde, and furfural 
were among the more notable aldehyde used for 
modification.22,23 These phenolic resin modifications 
improved the flow and electrical properties of the 
solubility and sped up the curing process. Therefore, 
the idea of utilizing the condensation byproduct 
of furfural was taken into consideration in order to 
enhance the thermal, electrical, mechanical, and 
chemical properties of the phenolic resin. Another 
important class of thermosetting resins of furfural is 
based on their condensation with phenol. Further 
improvements in mechanical and electrical properties 

Fig. 2. Formation process of phenol-hydroxymethyl, 
Yanru Xu et al., (2019)26
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	 Developed dimethylol phenol and trimethylol 
phenol, the methylol phenol can continue to react with 
formaldehyde. (Shown in Fig. 3) In addition reaction, 
the phenolic hydroxyl group activates the ortho 
and para location on the phenol nucleus, resulting 
in ortho- or para- phenol-hydroxymethyl when it 
reacts with formaldehyde. To create dimethylol and 
trimethylol phenol, the methylol phenol can continue 
to react with formaldehyde. (Shown in Figure 3).26 

	 Phenol-hydroxymethyl can be produced by 
the above addition reaction. It can react with phenol 
during the polycondensation reaction. Generally, 
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resol-type resins have higher aldehyde content, and 
catalysts are used. Two ortho and one para positions 
on phenol are then replaced by hydroxymethyl 
groups. when the temperature is given, the viscosity 
increases as well as the molecular weight. An ether 
chain is formed between the methyl groups during the 
condensation reaction. And when a hydroxymethyl 
group attaches to an ortho- or para- active hydrogen 
atom on a phenol molecule, a methane chain is 
formed. As shown in Figure 4.26

300oC temperatures. Commonly used formaldehyde 
and other aldehydes and ketones are harmful, 
so phenolic resin requires modification. Current 
research on phenolic resin is based on the reduction 
of formaldehyde consumption, cost reduction, and 
environmental protection. These reports have shown 
that lignin, resorcinol, cardanol, and other materials 
can be used as substitutes for improved phenolic 
resins or further develop the synthesis cycle.28,29

	 A novel phenolic resin was also synthesized 
by Zhongshun Yuan et al., in which 5-hydroxymethyl 
furfural was used instead of formaldehyde. They 
used different amounts of phenol and furfural in 
different proportions. In which the effect of mole 
ratios taken in different proportions was studied.30 
Wenzheng Zhang et al.,31 these researchers have 
likewise investigated the utilization of these resins 
in structural adhesives, coatings, and advanced 
composite matrices utilizing sustainable materials.
similar to phenolics. The resin was prepared using 
cardanol, a renewable resource, with formaldehyde. 
They studied the thermal degradation of cardanol-
based phenol formaldehyde resin with comparison 
of phenol formaldehyde resin. Many research 
papers have detailed the replacement of bio-based 
heterocyclic aldehydes from agricultural wastes 
by furfural with cardanol-furfural resins. And using 
furfural instead of formaldehyde improves the 
thermal stability of the phenolic resin. The Thermo 
gravimetric analyzer (TGA) results showed that 
cardanol-furfural resin showed higher thermal 
stability than cardanol-formaldehyde resin. The 
furfural moiety of cardanol-furfural resins was shown 
to be thermally more stable than the methylene 
bridge of cardanol-formaldehyde resins.32
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Fig. 3. Addition reaction process, YanruXu et al.,(2019)26

Fig. 4. Polycondensation reaction process, 
Yanru Xu et al., (2019)26
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	 Uyigue. L. et al.,27 they took phenol and 
formaldehyde in different proportions and prepared 
novolac and resol-type resins. They also studied 
the effect of different proportions of phenol and 
formaldehyde on the reaction and properties of the 
prepared resin. The resins prepared had higher 
yield or resol resin than novolac resin. They had 
achieved higher yield in resol type resin than novolac 
resin. Furthermore, phenolic resins are modified by 
hardeners and a cross-linking agent. This is cured 
by a cross-linking network. And it has good chemical 
and water resistance as well as good thermal 
stability. Some phenolic resin can resist at 250oC to 

Fig. 5. Synthesis of cardanol-based phenolic resin, 
PutriRahmawati et al., (2019)33

Renewable resources based phenolic resin
	 The conventional phenolic resin was 
prepared from formaldehyde and phenol. 
Formaldehyde used as a raw material in phenolic 
resins having high toxic nature. Which damages 
human eyes, and skin, and causes harm by 
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inhalation. This is also to be an atmospheric 
pollutant.34 a lot of substitutes for that have been 
investigated during the previous many years, 
for example, para-formaldehyde, acetaldehyde, 
glyoxal, and furfural. In comparison with the others 
referenced above, furfural is a sort of sustainable 
heterocyclic aldehyde with a brilliant industrialization 
prospect. It is primarily yielded from biomass wastes, 
for example, corncobs and sugarcane bagasse as 
of now, which is likely use to replace formaldehyde 
in the synthesis of phenolic resins. In a furfural 
structure, a furan ring with an aldehyde functional 
group is attached to in the second position. The 
replacement of formaldehyde by furfural promotes 
the thermal stability of the phenolic resin.35 

	 Kelly Marie and Hambleton et al.,40 
collaborated with the Us Environmental protection 
agency (EPA) in 2012 to develop formaldehyde-
free thermosetting polymers from phenolic liquids 
produced from various biomass sources. Although they 
succeeded in developing formaldehyde-free phenolic 
resins, the mechanical properties of phenolic resins 
were decreased. Yongsheng Zhang et al.,41 developed 
a bio-based phenolic resin. In which hydrolysis lignin 
and glucose were used. After that thermal and curing 
behavior was studied using a hexamethylenetetramine 
(HMTA) curing agent along with the resin.

Functionalization by Epoxidation
	 Epoxy phenolic resin is formed by the 
potential reaction of the epoxide functional group 
with the hydroxyl group in phenolic resin. Therefore, 
increasing the functionality of the resin increases its 
ability to cross-link, creating a more ground polymer 
with stronger resistance properties. Phenolic resins 
by themselves produce a high degree of crosslinking 
through thermosetting, which has high resistance 
properties to chemicals and water. In these phenolic 
resins, the polymer repeating unit generated from 
polymerization may still contain unreacted hydroxyl 
group (-OH) (C

6H5OH). Epoxy phenolic resins 
change this condition by adding an organic group, 
such as epichlorohydrin (CL-CH2-(C2H3O)), that has 
an epoxy-functional group.42 K. Shukla S. K. et al.,43 
Modified cardanol-based phenolic resins were used 
with different proportions of epichlorohydrin and 
functionalized resins were prepared. They studied 
that, an eco-friendly high-performance thermosetting 
bio-based epoxy resin is an environmentally friendly 
alternative compared to commercial epoxy resin. 

	 Mohammad Ansari et al.,44 they synthesized 
an epoxidized phenolic resin and blend it with shellac 
for better coating application. In which the abrasion 
and impact resistance properties are increased 
with increasing concentration of epoxidized 
phenolic resin. A unique multifunctional resin was 
developed by Paulina Bendnarczyk et al.,45 based 
on the low-viscosity aliphatic trioxide triglycerides 
of trimethylolethane and acrylic acid. This carboxyl-
epoxide addition esterification synthesis was carried 
out at 90oC. The structure of synthesized copolymers 
was confirmed by spectroscopic analysis and 
studied regarding its nonvolatile matter content 
(NV), and acid value (PAVs), as well as its epoxy 
equivalent weight (EEW). Natarajan M. et al.,46 

Fig. 6. Renewable resources CNSL, Furfural From 
bio-mass

	 Among the agricultural byproduct, Cashew 
nutshell liquid (CNSL) is the byproduct of the cashew 
industry and one of the renewable resources is 
special because it contains cardanol, anacardic 
acid, which is a phenolic lipid, and cardol, and other 
chemical compounds are also found in cashew nuts.36 
RiyaSrivastava et al., was a renewable-based resin 
synthesized by using materials such as cardanol 
and furfural. They came to the conclusion that the 
produced cardanol resin can be used as a substitute 
for phenol resin based on petrochemical derivatives.37 

The tensile and flexural strength of the resin reduced 
as the amount of cardanol increased when phenol 
was substituted for it in different molar ratios with 
formaldehyde. After that, both novolac and resol resins 
were synthesized with partial substitution of phenol 
with cardanol. The cardanol-formaldehyde resin was 
replaced with furfural to enhance its properties. After 
that substitution of furfural, an increase in mechanical, 
chemical, and curing properties of cardanol-furfural 
resin was observed.38,39
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synthesized modified phenolic resin prepared by 
the epoxidation process of cardanol-based novolac 
resin with epichlorohydrin. It was prepared using a 
40% Sodium Hydroxide at 120oC for 5 hours. 

	 Resol type modified phenolic resin 
was synthesized and studied effect of different 
concentrations of formaldehyde in synthesis by 
Shravan Kumar Shukla et al.,47 In which cardanol and 
formaldehyde were used at 80oC in the presence of 
a catalyst. The phenolic resin was then modified by 
an epoxidation process of cardanol/ formaldehyde 
resin (ERCF) with epichlorohydrin at 120oC. High-
resolution gel permeation chromatography was used 
to measure the viscosity of resol phenolic resin. 
A two-step mass loss in the thermal degradation 
process was evident in the Thermo gravimetric 
Analysis (TGA) results. Also, the result finds that 
the viscosity increases the molecular weight of the 
resin also increases.

Cross-linking of Modified Phenolic Resin
	 Modified epoxidized phenolic resins are 
used by cross-linking with various curing agents 
Such as anhydride, amine base hardeners, etc. In 
which the resin is converted from a low molecular 
weight to a highly cross-linked network. During 
this process, there is an increase in the viscosity 
of the resin at a certain temperature which is the 
gel point.48 At the same time, there is a significant 
increase in the glass transition temperature (Tg) 
and its physical properties. The gel point is the 
temperature at which a liquid has a sudden and 
irreversible change from a viscous liquid to an 
elastic gel.49 This high molecular weight is due to the 
cross-linking of chains of molecules in a network. 
The amount and type of curing agent determine 
the curing time (also known as pot life). Thus, 
pot life at ambient temperature is less than one 
hour when an amine-based curing agent such as 
diethylenetriamine (DETA) or triethylenetetramine 
(TETA) is used with the resin. as shown in 
Fig. 8 when it is 6 h with m-phenylenediamine. 
Dicyandiamide (DICY) is considered a latent epoxy 
resin curing agent and has a pot life of six months 
when used with liquid or solid epoxy resins. This is 
because, at ambient temperature, it is not soluble 
in the resin. The most common curing agents are 
amines, and the curing process is regulated by an 
addition reaction between epoxy groups and the 
active hydrogen of polyamides.50

Fig. 7. Amine curing agent for crosslinking, (DETA, TETA, 
EDA) Wang Zhenyu et al., (2021)51, (DICY) Feng Wu et al., 

(2018)52
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	 WeikaiPeng et al.,53 prepared composites 
by taking phenolic and epoxy resin with a Curing 
accelerator was used. They studied the mechanical 
and thermal properties and found that when a 
certain amount of curing accelerator was used, the 
curing temperature was 118oC which was lower 
than that of phenolic resin and phenolic/epoxy 
resin. In addition, they studied the glass transition 
temperature (Tg), mechanical characterization, and 
thermal decomposition. The curing ofdiglycidyl ether 
of bisphenol-A (DGEBA) and novolac epoxy resin 
blends with modified polyamide was done by Vijay 
Parasharet. al.,they observed variation in viscosity as 
the concentration of novolac epoxy resin increased. 
Also, water permeability increased.54

Phenolic Resin Composite
	 Generally, phenolic composites are cured 
by a condensation route resulting in a water-resistant 
matrix characterized by chemical and thermal 
stability toughness and low smoke and toxic smoke 
degradation products.55

Fig. 8. Composite preparation from a thermosetting 
resin, B.N.V.S. Ganesh Gupta K et al., (2021)56
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	 Synthetic and natural fibers are also 
considered to be excellent reinforcements as they 
improve the properties of thermoset composite when 
incorporated into polymer matrices, where they 
are used for good adhesion with a matrix. And that 
composite is found to have good properties such 
as flexibility, low processing energy consumption, 
non-toxicity, and low health risk.57,58 Asad M. Z.  
et al., prepared Composites using montmorillonite 
clay and were then subjected to phenol/furfural 
resol-based resin thermal analysis done by using 
thermogravimetric analysis (TGA), mechanical 
and hardness tests showed that the resin and 
montmorillonite clay are very effectively banded to 
each other and enhanced properties of the composite 
compared to commercial plywood materials.59 P 
Deepak et al.,60 achieved excellent mechanical 
properties by using natural fiber and resins with 
amine-based hardeners such as containing 
phenalkamine, polyamides, and mixtures of both 
hardeners with jute fiber-reinforced epoxy resin at 
room temperature. The curing rate was studied to 
optimize the best curing agent in selected hardeners 
and prepared mixes. It achieved better mechanical 
performance. L. Asaro et al.,61 Focused on studying 
the development of carbon fiber-reinforced phenolic 
composite prepregs and how the addition of nano 
clays to see how they would affect the overall 
performance of the materials. The resulting 
prepregs, composite materials, were fabricated 
by compression molding, and the mechanical 
properties were characterized. The incorporation of 
nano clay did not show any change in the behavior 
of the material in terms of heat dissipation. On the 
other hand, the modified composite had low fiber 
content, which reduced its strength and flexural 
modulus. N. Azalina Ramlee et al.,62 used palm 
oil empty fruit bunch (OPEFB) and sugarcane 
bagasse (SCB) fiber-reinforced bio-phenolic hybrid 
composite. This study’s findings suggest that silane 
treatment enhances the performance of agricultural 
residue and that bio-composite can be hybridized to 
create new classes of eco-friendly thermal insulation 
and environmentally friendly wall-building materials. 
An eco-sustainable hybridized nano bio-composite 
was made to reduce the amount of epoxy resin 
and increase the amount of phenolic resin. These 
successful trials were performed by fabrication using 
the hand layup method and analysis of the bonding 
behavior of the prepared bio-composite samples 
using a Scanning electron microscope (SEM). The 
morphology of the material indicates that the fabric 
layers within the polymer matrix have high bonding 

properties. S. Akash et al.,63 In addition, the mixed 
hybrid composite of two fibers, with glass fiber 
mounted on the fringe because it is hydrophilic, and 
banana fibers in the center of the composite showed 
a much higher tensile strength of about 70% than 
the bi-layer composite of the two fibers.64

Properties
Toughness
	 External or internal toughening substances 
are typically added to materials to increase toughness. 
Natural rubber, nitrile rubber, and thermoplastic resin 
are frequently used as external toughening materials, 
whereas glass fiber, asbestos, and other materials 
are frequently used to increase the brittleness 
of phenolic resin internally. Internal toughening 
techniques also include etherification of the phenolic 
hydroxyl group and the introduction of long methylene 
chains and other exibility groups between phenolic 
cores.65 Francisco Cardona et al.,66 reported the 
co-modification of phenol formaldehyde resin with 
cardanol-based modified PF resin (CPF) used as a 
plasticizer and toughening agent. The thermal and 
mechanical properties of both resins (CPF/PF) were 
then determined by the resin was increased, the 
flexural strength and impact toughness of the cured 
CPF/PF resins also increased proportionally, while 
the flexural modulus decreased. 

	 The hybr id polymer compositesare 
fabricated by using abaca-banana-glass reinforced 
materials and phenolic resins prepared by H. 
Venkatasubramanian et al.,they observed banana 
fibers has good mechanical and adhesion properties. 
Phenolic resins have good compatibility and 
miscibility with the fibers, which significantly 
increases the toughness and impact resistance.67

Fig. 9. Modified phenolic resin with different reinforcement, 
carbon fiber, and nano clay Asaro, Lucia et al.,68, nano clay 

Jiang, Wei et al.,69, banana, jute, glass, and sisal fibers Frollini, 
Elisabete et al.,70 N. Saba et al.,71 Raheem, Zainab et al.,72
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Flame Retardant 
	 Better thermal insulating qualities and 
low flammability are both properties of phenolic 
resin. The different factors account for the phenolic 
resin’s superior flammability resistance or fire-
retardant property: high degree of cross-linking, in 
which the carbonyl linkages in the polymeric chains 
occur as a result of the condensation between 
phenol, and the release of volatile constituents 
like CO and CO2, and their capacity to form 
char that serves as thermal stability.73 Because 
phenolic resin has such great qualities as heat 
resistance, thermal stability, and flame retardancy, 
it is also used in the automotive, aerospace, and 
composite materials industries, among other 
fields. Improvements in phenolic resins long-term-
high-temperature oxidation resistance as ablative 
materials are urgently needed given the aerospace 
industry’s growth.74 In different ratio, phenolic 
resin and unsaturated polyester (UP) resin have 
been combined to create a homogenous blend 
with increased flame resistance compared to its 

parent polymers. Limiting oxygen index (LOI) and 
UL-94 vertical fire tests (ASTM D 3801 testing 
procedure) were the composites show greater 
flame retardancy as shown by the UL-94 vertical 
test (ASTM D 3801 testing procedure), the LOI 
(ASTM D 2863 Oxygen Index Method) rose with 
the phenolic resin content. M. M. Marliana et al.,75

Others properties
	 Rosin is an unsaturated acid and renewable 
resource chemical and it is widely used in the 
modification of phenolic resin, rosin-modified phenolic 
resin has enhanced properties such as chemical 
resistance and abrasion resistance and gives high 
hardness and good gloss.76 Tammanna Thakur  
et al.,77 synthesized rosin-modified novolac resin, 
and they did further modification by epoxidation for 
bio-based epoxy coating. Commercial-based curing 
agent like imidoamine is used for crosslinking, 
and their characteristics are better in mechanical, 
thermal stabilities and chemical resistance than 
commercial-based resins.

Table 1: Modification of phenolic resin and properties

Modified Phenolic Resin	 Properties	 References

Epoxy Modified Phenolic Resin	 Excellent mechanical properties, improved oxidation resistance	 [44], [47]
Urea, Melamine Modification	 Improvement of flame retardant property	 [82], [83]
Rosin acid–Modified Phenolic Resin	 Improve the drying and gloss, and anti-corrosive properties	 [76], [77]
Unsaturated polyester with Phenolic Resin	 unsaturated Polyester in order to improve flame resistance property	 [75]
Boron- modified Phenolic Resin	 Enhancing flame retardant of phenolic resin	 [78], [79]
Phosphorus modified Resin	 Excellent heat resistance in oxidizing media and flame resistance	 [80], [81]
Silicon modified Resin	 Improved thermal resistance	 [78], [79]

	 To get high-performance resin with better 
mechanical properties without using additives, it 
can be used boron, silicon, and phosphorus can 
be used in the modification of phenolic resin.78 
Li Zhang et al.,79 prepared boron and silicon-
modified phenolic resin, and this resin has a 
long shelf life and excellent heat resistance, 
phosphorus-containing phenolic resin can be 
used for epoxy resin curing, and it provides 
excellent flame-retardant properties, In order to 
further increase impact strength and flexibility, 
the addition of silicon to phosphorus-containing 
phenolic resin.80,81

	 There is currently a demand for materials 
that provide proper ties such as toughness, 
adhesiveness, and lightweight, which can be 
increased by the modification of urea and melamine 
in phenolic resin. Cao Wu et al.,82 synthesized 

graphene oxide-based urea melamine phenolic 
resin with glass fiber for composite application. They 
achieved better mechanical properties and thermal 
conductivity. And also, melamine phenolic resin 
provides self-healing properties in microcapsules. 
These modifications possess the remarkable 
ability to autonomously repair damage and restore 
or increase their mechanical properties. these 
microcapsules, or networks rapture when a crack or 
fracture appears, releasing the healing agents into 
the damaged area. Zun-xiang Hu et al.,83 Phenolic 
resins provide anticorrosive properties that can 
be used in self-healing microcapsules for coating 
application. Rajendra S Jadhav et al.,84 synthesized 
phenolic resin microcapsules and observed that 
phenolic resin microcapsules repaired cracks 
and fractures in coatings and had anticorrosive 
properties. Shown in Figure 10.



875Patel et al., Orient. J. Chem., Vol. 39(4), 867-880 (2023)

of scientists and research students. In engineering 
applications, most epoxy matrices are used with 
synthetic as well as natural fibers because of their 
low cost, low weight, and good adhesion. The use 
of chemicals based on renewable resources as well 
as natural fibers results in improved renewability 
and biodegradability. Also, synthetic fiber and 
hybrid composite can be used in automotive and 
aerospace products due to their superior physical, 
mechanical, and thermal characteristics. Future 
work would include the development of novel 
phenolic and bio-phenolic resins, as well as their 
curing properties. Green composite materials with 
biodegradable modifying phenolic resin will improve 
the attention span for both structural and non-
structural applications.
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Conclusion

	 A biomassbased modified phenolic 
thermosets polymer provides high mechanical 
performance to maintain industrial and commercial 
interest and outperforms most other polymeric 
resin systems. In comparison to phenolic resin, the 
structure of modified phenolic resin and its curing 
process is very good and fast. Because of their low 
cost and characteristics, phenolic resins are used 
in a variety of materials such as fiber, wood, glass, 
metal, paper, rubber, and so on. Functionalized 
phenolic resin is important to improve its brittleness, 
toughness, and capability with natural fibers as well 
as to expand its commercial application in many fields 
compared to other thermoset resins. Furthermore, 
it appears that high-performance engineering 
materials with noncombustible capability, as well as 
better properties, are possible with the modification 
of phenolic resin and fiber-reinforced modified 
composites. So, its study is attracting the attention 
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